Abstract. We describe here the use of a very simple sealed cell to carry out absorption spectroscopy measurements on hydrated thin films, particular for oxygen K edge studies, where the sample thickness is limited by about 0.5 microns due to the strong water absorption. The cell is small enough to be mounted on a standard TEM holder, and has been used in the vacuum chamber of the Stony Brook cryo STXM. An application includes the measurement of the Si 3 N 4 wetting properties and spectroscopy of amino acid solutions. Comparison with frozen hydrated glycine shows that special care must taken to avoid the drying of submicron water layer during sample preparation, since precipitation may take place and influence XANES spectra.
INTRODUCTION
Soft x-ray microscopes offer unique capabilities for studies of hydrated specimens and wet specimen chambers of different design have already been used in transmission x-ray microscopes [1] for the energy below oxygen K-edge through several µm-thick water films. When crossing the oxygen absorption edge, hydrated specimens should be no more than about 0.5 µm thick to obtain high quality absorption spectra. In addition, the sample must be held in a vacuum or in an atmosphere with less than about 0.01% oxygen over a path length of several mm so as to avoid additional absorption structures. Such experimental requirements offer challenges to oxygen edge spectroscopy of liquids. We describe here the use of a very simple sealed cell to carry out absorption spectroscopy measurements on hydrated thin films. The cell may be mounted on a standard TEM holder, and was used in the vacuum chamber of the Stony Brook cryo STXM. This approach has made it possible to obtain oxygen nearedge spectra of water, and to study wetting phenomena with a particular focus on the drop shape. In studies of glycine in solution, we have also learned of complications (e.g., the drying of sub-µm water layers may lead to precipitation of the solute), and the precautions that should be taken to avoid them.
EXPERIMENTAL SETUP
The cryo Scanning Transmission X-ray Microscope (STXM) is operated at the National Synchrotron Light Source (NSLS) at Brookhaven National Laboratory [2] . It is capable of imaging biological and other specimens with a spatial resolution of about 60 nm in present experiments. The beamline was recently upgraded to increase the energy resolving power to 2000-4000 for the energy range 250-700 eV. Modified cryo-TEM specimen holders allow one to maintain specimen at temperature between 90 K and 320 K. The specimen holder is inserted into a JEOL 1000 TEM-type rotational airlock for quick transfer of the sample into the experimental chamber, where the vacuum is at the 10 -6 torr level. The size of the Si chip (2*2 mm 2 ) was chosen to fit into the existing holder. For surface wetting studies, the Si 3 N 4 windows were not treated beyond the KOH etch, acid rinse, and water rinse steps of the window fabrication process. Several different window sizes all with 100-nm thick Si 3 N 4 etched membrane were tried. The best performance was found for small windows (200*200 µm 2 ), but bigger ones (500*500 µm 2 ) are also robust enough to withstand the vacuum forces. The choice of the glue used for sealing the wet cell is mostly determined by vacuum and cryo conditions; we have found that Torr Seal (Varian Vacuum Products) works well, though clear fingernail polish can also be used with reduced vacuum requirements. Water drop as small as possible (about 0.2-0.5 µL mostly determined by capillary forces) was placed on one Si 3 N 4 window. The other Si chip was gently pressed upon the lower one and aligned. External water was removed by filter paper. The cell was sealed and left to dry for between 10 minutes and an hour, depending on the glue used. Afterwards, the cell was examined under the optical microscope to check the water film thickness, and then imaged in the cryo STXM.
MECHANICAL STRAIN IN SEALED CELL
Before we start to discuss the data, let us briefly consider the mechanical properties of thin wall cell. We are interesting to answer the following questions: (i) whether the membrane will break, (ii) how big is the mechanical deformation/ displacement under the vacuum forces.
Let us consider a more simple case of circular membrane with radius R, which is clamped around the rim and do not stress preliminary to the load. According to Timoshenko [3] , for small deflection we may neglect of shearing force acting due to the stretching of the middle plane of the plate, and we have deformation equal to:
Here, q is the external pressure, r is the radius of point of interest, and D is the flexural rigidity of the plate defined as
, where E is Young's modulus, h is the thickness of the plate, and ν is Poisson's ratio. Maximum stress occurs at the rim and is equal to . In an actual case the values of maximum stress and deformation are somewhere between above extremes. Using the suggested parameters for Si 3 N 4 , q=100kPa, σ max =20 GPa, E=310 GPa, ν=0.25, and h=100 nm, the membrane is expected to break whenever R>20 µm. Experimentally we had found that windows larger than 800*800 µm are likely to be broken during vacuum evacuation, whereas 500*500 µm membranes are robust enough to survive the vacuum forces. We may also estimate the size of the window which bends under the vacuum force but does not change the distance between two windows substantially. Let us suppose that the deformation is negligible if z max <nλ 0 /4~0.2 µm, so that the interference picture viewed by the optical microscope do not change significantly, this leads to R~10 µm. But even for the bigger window size such as 200*200 µm, the water film thickness within 10 µm of the border of the window remain unchanged.
WETTING PROPERTUES OF SI 3 N 4
The second question to be addressed is: what is the natural thickness of a water layer squeezed between two Si 3 N 4 membranes and sealed? Two long range forces to consider are: an attractive van der Waals force and repulsion due to the interaction of spontaneously charged planar surface through the water (so named double-layer forces). Because the pressure built by van der Waals forces between two planar surface is inversely proportional to the cube of layer separation, at long distance the double-layer repulsion is greater and produces disjoint pressure
, where d is the plate to plate separation, ε 0 and ε are dielectric constants of the media (water), k is Boltzmann's constant, T is the absolute temperature, and z and e are the valence and charge of the electrolyte used (water) [4] . Therefore the natural thickness of water layer may be as big as micron. Also a second minimum on a potential curve is possible for a smaller separation, so a thick water layer may be unstable. We have found that a water layer sealed between two Si 3 N 4 membranes has a tendency of forming a bubble. This bubble starts to grow from the center of the cell, pushes water toward the edges (Fig.1) , and leaves tiny droplets in the middle. The size of the drop left depends on how clean the membrane is, and in our case varied from 5 µm to 0.5 µm.
STABILITY OF MICRODROPS
For micro drops, where the capillary length is much smaller then
where ρ is the liquid density and g the gravitational acceleration, gravity is negligible compare with other forces. For pure water at 20 C o , the capillary length is equal to 2.7 mm. So, one may expect that drops with a characteristic size in the micron range do not move at all. This is not exactly correct. A series of x-ray images of the same region taken with a time difference 10 h are presented on Fig.2(a-c) . The main contribution is the scanner drift, so the relative positions of the drops remain mostly unchanged. But still, while some drops are stable, others disappear or merge.
FIGURE 2.
(a-c) Three x-ray images of the same region taken with time difference of 10 h. The energy of x-ray is set to 538.8 eV, where the water drops strongly absorbs. The acceleration due to the gravity is in the plane of the picture and pointed down. Over such long time the main motion is due to X-Y stage drift, but the relative distance of the droplets, as indicated, is very much unchanged. (d) The x-ray image with droplet contour profiles (line separation is 0.1 µm), based on the water x-ray attenuation depth. On the top, the droplet line profile clearly shows the deviation from spherical cap shape, which is and would be expected in the case of thermodynamic equilibrium.
As one can see from Fig.2(b) the drop, the second from the top, will move toward its lower right neighbor. The contour plot of this drop is shown on Fig.2(d) , with a line profile superimposed. It reveals a nice tail (precursor film) formed, and the negative curvature in the vicinity of this tail suggests that the drop is thermodynamically unstable.
DRYING OF A THIN LAYER OF SOLVENT
Due to the small thickness of the water layer, it may be completely dried in the range of tens of seconds. This process may be accompanied by precipitation of the products dissolved in water. As a result, there is a new morphology (contrast) due to such phase separation. For this particular example, we had measured the drying dynamics of glycine (Gly) solution. A 1.3M water solution of Gly was mixed with HCl to shift its pH to pK a value (pH of solution was measured to be ~ 2.38). Two different types of the samples were prepared. For 'dry' samples, a drop of the solution was placed on Si 3 N 4 membrane and naturally dried. For 'cryo-fixed' samples, a #400 formvar coated Au grid was dipped in the solution. The excess water was drained from the grid by filter paper gently pressed upon the edge of the grid. The grid was left to dry for 20 sec and afterwards was quickly propelled into liquid ethane to preserve its hydration state [2] . FIGURE 3. The contour plot of Gly concentration in water for 'cryo-fixed' sample, extracted from xray images of the same sample taken at 532.5 and 535 eV. As one can see, the Gly near the mesh bar is completely dry and its contribution quickly decreases towards the center of the mesh. The spectrum for the center part of the mesh (triangles) was measured to extract the spectra of Gly in solution. The extracted spectra of Gly in solution (dots) looks different from the spectrum of dry Gly (solid line).
In order to extract the relative contribution of water and Gly, two images of the same mesh, which contains thin layer of Gly in water solution, were taken at 532.5 and 535 eV. The images were decomposed for Gly and water contributions, based on the relative absorption strength of dry Gly layer and pure ice (thick and thin solid lines on Fig. 3(b) ). Due to the difference in the spectra, it was possible to determine the relative thickness of water and Gly. Fig.3(a) shows a relative concentration of Gly in water across the mesh. As one can see, Gly is pulled toward the edges and forms a dry 0.5 µm thin film at the border. The spectrum of the dry sample differs from the spectrum of solution, measured at the center of the mesh, as well as from Gly contribution, determine by subtraction of the ice spectrum from spectrum of the solution. Due to an extremely small thickness of the water film, special care must be taken to prevent it from drying, because it may lead to precipitation of the solvent products. The XANES spectra of these precipitates may differ from the XANES spectra of the material in solution.
CONCLUSION
We have described the use of a very simple sealed cell to carry out absorption spectroscopy measurements on hydrated thin films, particularly for oxygen K edge studies. The cell consists of two Si chips with Si 3 N 4 windows etched in them, squeezed and sealed. The whole cell is small enough to be mounted on a standard TEM holder, and has been used in the vacuum chamber of the Stony Brook cryo STXM. Windows larger than 800*800 µm are likely to be broken during vacuum evacuation, whereas 500*500 µm membranes are robust enough to survive the vacuum forces. The cell with Si 3 N 4 windows (and pure water inside) has a tendency for phase separation with a vapor bubble formed in the middle and the water layer pulled toward the edges. The xray 1/e attenuation length for water is as small as 340 nm for 537 eV, so the drying of such thin water layer happens in the range of seconds. In the case of the solvents this may lead to the precipitation. As a result, a new morphology/ contrast due to the phase separation may result. In addition the XANES spectra of the solution may be different from the spectrum of the precipitate, possibly leading to misinterpretation of the data.
